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(54) SINTERED SILICON NITRIDE COMPACT AS WELL AS SLIDING MEMBER AND BEARING BALL USING 
THE SAME 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a sliding member for electronic apparatus, such as hard disk drives, and 
a sintered silicon nitride compact which eliminates the trouble by static electricity when used for bearing balls 
and can efficiently radiate friction heat when rotated at a high speed. 

SOLUTION: This sintered silicon nitride compact contains carbide particles and nitride particles as electrical 
conductivity imparting particles and is confined in the area rate of the flocculated parts of the electrical 
conductivity imparting particles of <1 Jim in the inter-particle distance between electrical conductivity imparting 
particles to <30%. 



LEGAL STATUS 

[Date of request for examination] 

[Date of sending the examiner's decision of rejection] 

[Kind of final disposal of application other than the 

examiner s decision of rejection or application 

converted registration] 

[Date of final disposal for application] 

[Patent number] 

[Date of registration] 

[Number of appeal against examiners decision of 
rejection] 

[Date of requesting appeal against examiner's decision 
of rejection] 

[Date of extinction of right] 



Copyright (C); 1998,2003 Japan Patent Office 




(19) B^gKtftff (J P) 



(12) 



4# It ^ ft (A) 



uimffFtiiH&M** 
#^2002 - 60276 
(P2002 - 60276A) 
(43)&I8B ¥i£l4^2/126B(2002.2.26) 



(51)IntCL' 

C 0 4 B 35/584 

F 1 6 C 33/32 

// G 1 1 B 19/20 



F I 

F 1 6 C 33/32 

G 1 1 B 19/20 

C0 4B 35/58 



f-V3-h*(##) 
3 J 1 0 1 
E 4G001 
10 2K 5D109 



m&m*. w#b«>*ii ol (± io s) 



(2oms#^ 


!ft®2000-249327(P2000- 249327) 


(71) ffllSA 


000003078 












(22)ffiSB 


fiK 12^p 8 £ 21 B (2000. 8. 21) 




ytommmiEm-Tm i # i ^ 






(72) mwm 










































# ^nm^flim^iz^f^fflBr 8#» 


















(74)ttSA 


100083161 






















tt< 



(54) ixwa&m &im&&mftis£v*nzm^ftmmmt&VK'<7v>?&--)i' 



(57) CS^J] 



1 



# 



(2) ^Hfrl 2002-60276 




: ?m±<D$L : f-?im'mifi i um^m-Qh : s>m^m.{i^ : f- 

[If*JS2] K«««m±OEIB*t2~10tfmT*-S 
[ff#JI4] Rlfcfcfcti^jMalli. 5a&, 6aS£, life 

di^tat-rsif i Ltmm 3 ©urna* 

[If 5 ] mmtVotiL? i>UaMyz%<D&<tVl<DOfc 

«fr*n»*fli i 5 ©i»m*wriB«oa 

[If 8 ] ^e^^AUOW/m • k«±T-fe 
<k&3tsy§#. 30 

[it 9 ] m&m i&ul if Km 8 curn* csb 

[If*JS10] #f LTkMS? it 

[IfjRJSll] <7U >^#-^^m^f§l3ffl^-5 40 
&*©t>©T**££t#«<!:T*MJfcJJil OfBUcCD^ 

[5gBJ©»«H^lft^] 
[0 0 0 1] 

[0 0 0 2] 

[ft&CDftSfi] iS^, A-Ff-fXi' h'7-f7 (HD 
D) m<DM%$m*Jim. *f-f7^8BitBDVD. so 



-S^T 'J >y (ffllS) »#. t#tC^TU>y 
*<b. ttSM«©£«ttWl«&tt#+#Tttte(r>JL id> 

{kS^tt-t 7 5 v V 7, CO <f V iiSrtf 14 fcsn-s C t 
[0 0 0 3] 

it? i£ IhMS * fr t> & K 38 ±T Z> £ $4 co 
5^7U>^-;^©^7U >^§B«co^figgm) 

^ ^<D«? «lfg-g-co CO ^S6« LT L- £ 5 if^ liMtk 
**fi*TI/ifc. ^b(3. A— Kf-f^f H^'T^'CO/JnM 
{k. S§a{k(C^U|HlS^:t.8.000rpm, $b(C»4l0.000 

— ;Ul?ttJ»e****20W/ii • ke«t{S<^l^$:±^< 

[0 0 0 4] fie5fe^bmmJ6triffi*M0-3Q • cmg 

Tt»S*t. (£m^.ffitn;S:lia-r-5fcJ6{C^k%fe<i:C0^ 

•ttft-^sr^s^ifcasfins-a-fetf&savi. ^aco« 
<r>&o\z%\z±frfr%m&ffim>*^*&^t±w&\z%i> 

3S*At)ft<a»1*tt^<l:LTU*5. $E?T, ^7U 




(3) 



3 

[0 0 0 5] 

mSSH±©^Bi* t 2 ~ 1 0 (imT^SC^^St^. 
< . ilfc. f&e^A^OW/m • k^±T-$>ft C <fc/Wf?£ ^ 
[0 0 0 6] 

[0 0 0 7] ;i©*«tttt-*tfc*©«*«roili«*©# 

^RaT-O.OUm^T) KfiOlU -t©affi»-*i^a*<4 
SIS30^mX30Mm (<b L <tt*n«±©BS«) £EP 



ittom? fc«ft:*tt^*PII*K:EPMAT»WC*«Hf» 
^20000 (50tf mSrlOcnTCST*) EU:A<W£L<» ^© 

«30<tmX80Mm*n«WfcUfcJ»«tt«*«t^®»« 

[0 0 0 8] «flsajW«IH*+O*ttBIII80Mm 
x 30 u m«t»©*«tttt Offi«0»J£«BrK-P^»T 
te^Mf ft Sffi ^"C^ 4 ©"C*tll4**«<4## 

£. ftf!l3£eBf©*7- r 7 5/7 r t*«^"C30umX30Mm 

B«tt30 m mx 30 w mSfttfff £ b 
[0 0 0 9] *%BfltC*5^T«. WWStt-MfcfEtt© 

<. S<E>C0F£U<«2--lOXT?&ft. iSlMStt©**^ 
■POX) C4*«»*l/^. 8*»*«±<#«EU<t^» 

sir- \its.m.tmm <da ? v » c t *«« wi/fc. 
i [ooio] *«fl2***JMi 

ffittlOiOQ .cm^±T-*?>. ^-(Dfcs!)*%B^T-J4«^J& 
fit tt * 3f 3fe © fit 4 Ac * tc Wttttt-S-KH 8 ' * L T 

w ♦tt^ ft wnr * « * « *« . « a tf «^ « 
§§ffl<D^7'j >y#-;ucaffli/fc»*. [i-*©^7'J 



m 



(4) 



*M 2002-60276 



. 000 rpmgffiTii * (3 £* Eg t. \tU Zfc^tf, 

■&\zmffl&tsiWrnm\zj:?Tb§£&2nz>fztt>'<7 u > 

CO 0 1 1] S£oT. *%BJ-C»S^mtt#4-fii^«ig* 

L<«2~10XTa5O. Z\<D*Lots.J&m\Z-?Z>Z\ii\z 
«fc 0 m^S8xffiO/t7 '.y*£ ± 15*/1001HcffllA-5 C <t 

[0 0 12] *«tttt*&?m±©8fflHJE«a« 1 Mm 

&m%.<Dmz?&rc&iz\tmmi±tt^m.?(DW&\t!&m 

C i fc «fc 0 m^gfix«t$r^OffiO|gffl|^ fC^^-B-S 

j *i& : ¥-<DMmM<z>mtiim& 3 oss^s*. n** 

■5. 

[0 0 13] K*flW;?r&<Z>ffi41t¥&*ltf«9(;& 

±<nmm&$> £r>m<t!.z> £ji,»w-±«*aw** < & « 

Ei*«2(tm*«Tlt JMttt±. 8*«*«#S£t±K: 

m^IxlK — S&8Biq±<a8EAhftf 1 0 Mm£j@ 
AT L * 5 4«*a**#fiEr*3ft**«» < 0 ttft&ft 



[0 0 14] Sfc. @*LT^/«£^®mtt#-^&^{C"P 

5. &?MEHEtt 1 — 1 0 tfm©S6E|*3T?£>5;L 
E*tt3~ 1 0 ym<D^HT-&£Cl L< . CO 

tS^ffitaffieon 77**±l 0«/ 1 00© <t £ 6> 

<tmmmm&<p <omm^^n : f-m±<o^mmmizm 
*>©-?<& •*>. 

[0 0 15] £t±©«fc?fc:, ««tt^tt?n±CDtt7' 
fe®f«SfcO©E«srC30%WT?&*&< . $?£U<te2 

**«r*afl:a*«sef*:tt«ft«»tfl[*ioT~ioiQ • 

cmtntSt^fC. S^igJfiteOA^y+^lSX/lOOil 

m&&*&mv>&z*:^frikzz.£.friimwi&mzmi, 
t u >>/K-)\,\zm ^-s uii:<to la^ffijicf^^gf m 

g,£2>>35 J: < fgifcT££>g«±(::?&m-r -5 CI <t ^Wift(J-T 
[0 0 16] *«tttt#«H t <&fM t We«a« 1 « 

OS*SBO«^Stt5 (tmEtT, ^ "=> KM: 3 u mOTt 

±<0fe^Sgii75i 1 Mm*^cr)t,<^^7K-rfc<D<i:T-£>. 
[0 0 17] friz, *«tt##tft^O«JHC3lr»TiaM 

^{t:#)fii ; ? 1 fi4a^7c^cD^t;^w>? l «c< i t> l it* 




(5) 



7 

-tools] *5fi^«osfta*«ns#tt. main) 
ttttiif**ti*cfc*»6i([Sfi©iftfl2»*«»aT?**- ft 

[0 0 19] gfl:ift«[^tt4aljE7c*ro*fl:»* t » 

nrnttyZft®.^ 2 -tt* £ £ K. 4aj5£7t3i©&fb#j£ 

[0 0 2 0] Mb4jlfi[^*J:tfa<t»«[ : PW**«»4Br 
t>©-ettfc^*«. *fls*tt : Fttio-~35wt*. 
ttK«nri»>*ci:*»6io~35X*#**Tt)a<k:a* 

[0021] »ba*«sis#+cffffi-raw*tt*t*st 

?©g^f2MmttT. jffSL<«0.3~t.2umT* 
[0 0 2 2] 

ttgfbfciM 1 t vc<x& < a -a- * - 1 *»s »*« * 
[0023] c<D£?uMmz^irm<t&mmi£&<v^ 



•2002- 6 0276 
«tttt**«lOT~10*Q • cmTM. «8*©»fc£* 

CtttBlffi"C*>2>t><0©S<ba^^** c, t a tcl»«14( l t# 
[0 0 2 4] ^^B^wg-fba^^SS^^^^tiW 

[0025] ^ru >^g&** iueta*3<t^- 
m : ?m&\zt3^x\t®&&8i&z. ooorpmtyji. * e. \Z\Z 

10. 000rpna±£*i«ia«E<fcbT^<«l«»C*O, 

^©ftt^jBwoaibasiswtt^tffl^fc^yuvy 

[0 0 2 6] £"=>l~ ^7U >0*#— ;U©ita**3inm 

w©gfta*««#tt. »ew**«4ow/in • ka±ta^ 

[0 0 2 7] ft*. C^STttSKfcWtttWfKO 
V » T K W U T S *<# % « IC *5 V 1 T © « » • « * •* 



9 




~20wlXa<$? 

[0 0 2 8] *»cBiS*ftlC-3»r»TRWr*. §2ig*& 

©T*n«4*K:lB36**i*'b©-cttat»*t. H*.tf*a> 
J: 3 

[0 0 2 9] ST. gft&Xtfcfe. ttllfiMfil. 

lit. *sis-r*>&ft-c**. wc, mw&tt+virm*** 

*K**tttt#8ffn±©**«©«*g#5/iin*» 
[0 0 3 0] «*«fc»j*-r*&i«><0 

*ai«^t-*iBK:, m 
siS£-r*c*jfc?>. «w»»**-tn-€ : n2»i!iet 

<. &Tis*>mm&&&^£.itw mtz> imz 

IS* t ft r3 fc b. € »ci»*ttf* L8*«34*iB 

[0 0 3 1] »J©2fJ£Ttt. *rttfk^*l»*4JJ:I/«6 
*£8siraTS8S, ^&DTSM*8BS^/££t!-ft<^)fci&0) 

tt±. #*Ktt3~5#MU lI3B©)RJn*fft»Bf 

■^^Drl^T * H £ «fc 0 *«tt«#«[^l»*H±©3E 
ft^igmfclfcCd £#pJfig<hft 0 mWSLttZ&T-lfimtiL 

[0032] z.v>£3tLjjmz£-oT%mrAM&&i—m 



(6) ^j|Ba 2002-60276 

**. ^7 'J >^#— JU#/hIllCfcftt«i:SK£8ifc« 

[0033] #K»f»*o*:*atti*i=iHjfejsn*'b© 

tt0.1M.2(im-p*6. #tttM4ttW0.1um** 
*fctt«»ll*»caEiB*»ft«iScL»<3Cc*. — 3*im 

u * 5 ot» * u < «c £ s «c « mm 

20 [0 0 3 4] £ ^IC^7'J >^#-;P<hUTOi!»iHH4 

L^. ^©-M*^*BChyra 
«fc5ftribS8 : £MfrlxT*5 0'<7 , J >tf#— )\/<D&.W\ZZ.<n 
«fc 5 ft t><7>at#aE b T Hfc»*W**6ttfc-#<lsS -&-c L 

[0035] una. gftatasssfifeistt:* 

so -c»a. seoT, »*©j£»>&i*-<»»*Ej*» <c i 

[0 0 3 6] «H»^FftC^U»Tt>a{ka*««S«lflsa6^ 

c^7 'J >^#-;i/*«jfir*fc*o*te*«jBffl5i(lBT? 

S&a. fiEoT. ^JE^SS. SDEEMi^. MPS Steffi :7V;* 
(HI P) ^**JSfflpIffiT»0, ^7 'J ;Hfc 

[0 0 3 7] 

[HJS01J] (HJSC»J1~4. tttt«l~2. #%eaji) 
»tttft4ttf»*i t/TWIlS0.7<tm (l^ii 

m wmmiti.siim&rF) <Dmt?-9 >wt*.&\<*a. 

*S:5wtX. ^i6)feS0.9/imO^^7;i/5^^A|»5fe$-4 
wlX. »«3|tl^liao.7amOft<ta*t»**ffl*Lfc. 



11 



# 



(7) 



2002-60276 



* 



i6oo-i9oox:oia*T?Hip«i»&ff t»a i cwUfcS^k 
gstttt-^s? H±©tw wEHtt^-rnfc 3~i0d 

[0 0 3 8] C©«k?&&2lfl6W::*H'. •SSttSJ/iffi. 
&tt»©±T * 7 y ^Jbnx b m-¥ffi ± tc 2 * £ 



20 



C^StlT^-t^h (%) T^Ufc. 

jjEffla*Ra*»0.0UmClT*"PWJiBlDX*lBLW*BO 
&m<n&MV>4*f ! fi (*(SlC®«30MinX30umtCfflS-r 

[0 0 3 9] tktt«!>fc*fc»«ttf**tt^*— 
b it gel*] 1 iLTffltcb*:. £fc, #mt±## 

oSl^gfr^te t 1 *> © * ffl ® ^ ^ • 
[0 0 4 0] 

[^1] 





1 Am*>T* 


(Q • cm) 




mi 

(MPa) 


(W/m • k) 


#1 JSfl 

i ! 


2 


5. OX10 5 


8 


116 0 


4 5 


2 


1 0 


4. 8X10* 


6 


112 0 


46 


3 


20 


4. 7X10 6 


6 


110 0 


4 8 


4 


3 0 


4. 6X10 6 


5 


10 7 0 


4 9 


1 


40 


4. 2X10 6 


5 


9 10 


5 1 


2 




10 I0 J£U: 




12 0 0 


24 


1 


0. 3 


5.3X10* 


22 


118 0 


4 5 



40 



0. ^S<ST©llE£&c>fc£:#*-£ti£>. d©<fc-5& 



50 



[0 0 4 2] (XJ&0J 5 ~ 8 . fcttffl 4-6 



13 



(8) 



<)>?mttLT, $flStg|SUJ2SScD0IHiig|$36tff;:#- 
^S^gBS-ffl^fc. K^-^ OOOrpmt 11,0 



KJ 2002-60276 



s^fToto tt®<ntc&izmn&tt j 3-%L=FV)mMM<DM 

[0 0 4 3] 
[*2] 





^Steffi 

.ja- 
il 

(□•cm) 


/<y\ 


misfit 

fit <OA5 

(%> 


<8000rpm> 


/< 1 AAA V 

<U000rpm> 


5 


3. 5X10 2 


3— 10 


±3 — 8 






6 


7. 2X10 4 


3-10 


±3 — 8 




ftL 


7 


5.8X10 5 


3-10 


±3 — 8 




UL 


8 


a ixio 5 


3—10 


±3 — 8 




ftL 


4 


5. 2X10 5 


40-50 


±2-6 




ft I, 


5 


WH^± 










6 


2.7X10"' 


30—60 


±2 0 — 
3 5 




ftL 


2 


5.7x10 s 


0. 1-! 


±15- 
3 0 







[0 0 4 4] ^2*^^510, ^MMiZfrfrZ^ 

7 0>y#-j\s&m^?zibCDimmmzj:2,^m-&7b*te 

^LTlSofe (100^1~3&) . tfcIS: 
#J 4 *3 J: ZfittteM 6 «ft«g,tc J; *TJlr^(ifS£ L£ct&> 
ofe^i. ^T'J >y#-;i/CD3^,K^+^-efesci:^ 

^fc«> \zMM&CDm*:&tf5 /im5@iT L £ o fzfz 
g>T-&Z£%Z-£>tlZ>. ###J2 CD=b(O«8.000r 

rt>ofc#. ll, OOOrpmTrti/N— h'r-f X:^ H ~71$7xi to 
^(C^ihbT^^^fcwW^W^FB^-^^-rfc© (1 
OO&fl^) *^SIg^nfe<75T r^feOj tfttSL 

[0 0 4 5] (*ISt*J9~ 1 3, tfc&#17~9) ^1;. 
*Jg0iJ5~8*=fcCA*tt:^j4~6<D'K7'J >y#-;i,£ 



tz. tt^M4<D^7v y^Tii—ju^m^fzitm&n <om 

6 (D^y 'j >^-;i/^fflVifctt^j 9 (Dmn&tt^-m. 
^co-mm^o^mitzium-xs^-otz. ^<om^t<Dm 

LTSUJ2«l«03F«±*ia<Ea-tt-**tt-C«fJitt— «t* 
feOS^MiC^5.9GPa, Islte^l200rpm. ^— t*>f4 
©ito«)H»&frTTgiS400P#(yj*TfT<^7''J 

-;Ko«ffi**««-r*ST<owmtai«ufc. -tots* 
3 t^-r. 

[0 0 4 6] 
[«3] 







(h) 




mmms 


400 eu 




mm 


400 £[± 


HJSMl 1 




400 




mm 8 


400 £LL 




tfc&0|4 


220 


turns 




40O^± 


mm 9 




100 



[0 0 4 7] ^3^6^-SilO. *^JS^J(r^^-5^ 



(9) 



15 



* 



002-60276 



[0 0 4 8] (HfiS^I i 



10 



ws>!««. BJis»*Bi5oibqii;fc«fittcJ:o. -r> 

[0 0 4 9] 
[f£4] 





</zm) 


(h) 


(Mpa) 


(MPa) 


Sttfl 

1 3 


1. 6 


400 Bi± 


2 3 0 


115 0 


1 4 


3 


400J^Lh 


2 2 3 


110 0 


4 


1 5 


370 


2 0 8 


10 3 0 



20 



[0 0 5 0] «4*&#**»0. -W«tt«*tt^O« 
^■3E»3ftflEt>220llPaa±i:«nfc»tt*w"rc.i:* t ^ 

[0 0 5 1] (SIJS^J 15-16) #«[±tt^8rH»5fc 
iLt¥^10.8(imEtT («!MBS61.5amEtT) © 

me*T \z tt * «t 5 »* jfi& * 0 »«*aiM» ^ffl * • 

[0 0 5 2] 6ttt. *WI4»**3»ii| 



t7J ^ . a m .» ^ «i|6W&**C I Ptfec* 0 

TV ;i/*3«tO ; 3X4X40mma)G3^tt^OiAi|S^ 



T^Lfc. <■©***£* 5 »C«-T. 
[0 0 5 3] 



30 





«e (%) 


g (Mm) 


1 5 


2-10 


1-3 


1 6 


2-1 0 


1-3 


5 


1 3-45 


1 0 — 2 0 



[0 



0 5 4] a5*»6»a^*310. ^|J60U5£fcte#g 

Si 0-20 dmt^ St«J*aR**-C £T U * o fc. CL © «t 
•5. 

[0055] mmm 1 7 ~ 2 6 ) ^tc, 

50 *««2 tn«©We*frofc. 



17 




CO 0 5 6] 
[86] 





-urn? 


(Q • cm) 


CMPa) 


(W/m-k) 


1 7 


TiC 


3X10» 


1130 


55 


1 8 


NbC 


3X10° 


1130 


54 


1 Q 


XII L/ 


4X10* 


1150 


56 


2 0 


WC 


5XKP 


1150 


53 


2 1 


MojC 


7X100 


1120 


49 


2 2 


TfeC 


6X106 


1120 


50 


2 3 


CraC* 


8X108 


1100 


48 


24 


ZrC 


8X108 


1110 


52 


2 5 


MmC 


8Xlt)8 


1090 


47 


2 6 


B<C 


8X1Q5 


1100 | 56 I 



10 



[0 0 5 7] m6fr*,ftfrZ>mO< 

[0 0 5 8] Oyfifll 2 7-4 2) 1 7 ~ 2 6 <D 

urn©^7iJ>yj|5- ;i't>ffil*3fi«tt210IIPaBt 



0) ^^$l"i3 2002-60276 

18 

[0 0 5 9] 

StfeOt-^CjSftS^T'J >^g|5**©^7'J 

«t citrus $ e> 

±. ££lCtelOOOOrpmW±<fcKig03££fT^fci:LT*> 
#*. *Sfc. *«tttt#tt^|B|±©«ft«l»<c:£fc 



(72)5£HJ# *g|5 ^ (72)fgHJ# ftft 

(72)%BJ^ jgg ^ F^ — A(##) 3 J 101 AA02 BA10 EA44 EA47 EA72 

w&imm&tfii&T&.m&mm 8 mm m ea75 fa3i faso gas3 

^tt.M'Zi&mmmffiPi 4G001 BA03 BA09 BA13 BA21 BA22 

(72) afefi mfe BA23 BA24 BA32 BA37 BB03 

»^/l|^^Tfr^(Zgf^BaHT8Sttt m BB09 BB13 BB21 BB22 BB23 

&£&:M~£:ffi.}&&MPfrfKl BB24 BB32 BB37 BC43 BC52 

(12)§£W% BC54 BC56 BC57 BD03 BD12 

^mmmmm^Km^mm 8 mm m bdu 

S;#*tKS1f?i£*3rtfi»rP J 3 5D109 BB08 BB16 BB31 



